The structural organization of the hamster multifunctional protein CAD. Controlled proteolysis, domains, and linkers.
CAD is a multidomain protein that catalyzes the first three steps in mammalian de novo pyrimidine biosynthesis. The 243-kDa polypeptide consists of four functional domains; glutamine amidotransferase (GLNase), carbamyl phosphate synthetase (CPSase), aspartate transcarbamylase (ATCase), and dihydroorotase (DHOase). Controlled proteolysis of hamster CAD was found to cleave the molecule into 18 fragments which successively accumulate and disappear during the course of digestion. Each fragment was isolated and partially sequenced to determine its location in the polypeptide chain. Proteolysis was found to usually occur at the junctions between the domains and sub-domains identified by sequence homology. All proteases of low to moderate specificity cleaved the molecule in a similar fashion. The rate of proteolysis widely varied and the interdomain regions were not always accessible to proteases. Each of the major functional domains is postulated to consist of subdomains. The duplicated halves of the CPSase domain (116 kDa) have a homologous structure consisting of 11-, 25-26-, and 21-22-kDa subdomains. Prolonged digestion cleaved the DHOase domain (36.6 kDa) into two stable species suggesting that this region is comprised of 11.5- and 15.0-kDa subdomains. Similarly, proteolysis of the 21-kDa catalytic subdomain of the GLNase domain (40 kDa) indicated a bilobal structure consisting of 12.3- and 8.5-kDa chain segments. The connecting region between the two ATCase subdomains (16.4 and 18 kDa) was not cleaved. Copurification of many of the domains showed that they remain associated by noncovalent interactions even after the connecting segments have been cleaved. The chain segments, the linkers, which connect the domains and subdomains were conserved in length but not in sequence, were predicted to be relatively hydrophilic and flexible but did not show a tendency to assume a particular secondary structure. These studies provide a more detailed map of the structural organization of the CAD polypeptide.